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Abstract

Background: The effects of drastic curricular changes necessitated by the COVID-19 pandemic on medical students’
education and wellbeing have remained largely unstudied. Out study aimed to characterize how medical students
were affected by the pandemic, specifically how limitations introduced by the pandemic may have affected the qual-
ity, delivery, and experience of medical education.

Methods: Three hundred students from 5 U.S. allopathic medical schools were surveyed to determine students’per-
ceptions about their quality of medical education, professional development, and mental health during the COVID-19
pandemic (October 2020-December 2020).

Results: A large majority of students report that while lecture-based learning has not been significantly affected by
the pandemic, small-group and clinical learning have greatly declined in quality. Students also reported higher levels
of depression, anxiety, and uncertainty with regards to their futures as physicians.

Conclusions: The COVID-19 pandemic has greatly affected the medical student education and wellbeing. Although
medical schools have implemented measures to continue to train medical students as effectively as they can, further
strategies must be devised to ensure the well-being of students in the present and for future national emergencies.
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Background

The current coronavirus disease 2019 (COVID-19) pan-
demic has proven to be challenging for people of all walks
of life. The medical community has been especially hard
hit, considering the hectic and dangerous environments
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for frontline healthcare providers, the high demand for
drug development, and the restrictions on patient care
due to safety protocols [1]. Although the effects of the
pandemic on medical professionals have been well docu-
mented, there has been little investigation into how the
pandemic has affected the education and wellbeing of
future physicians [2].

The COVID-19 pandemic has widely disrupted edu-
cation across the United States (U.S.). By Spring 2020,
most medical schools in the U.S. halted in-person
learning to some degree in accordance with guidelines
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released by the Association of American Medical Col-
leges (AAMC) [2]. Medical schools developed vir-
tual lecture and small-group learning formats, halted
research projects, and limited in-person clinical experi-
ences. These clinical rotations are often the most piv-
otal portion of medical training, as students implement
preclinical knowledge, directly contribute to patient
care, and determine which specialties they will pursue.
The inability to work on research projects may severely
hinder the amount of research experience certain stu-
dents may have been hoping to attain, especially those
who have taken gap years to pursue research.

The online learning system presents additional vari-
ables that may adversely affect medical students’ men-
tal health and general wellbeing. A lack of clinical and
research experience may increase anxiety already pre-
sent in medical students who must soon choose spe-
cialties for future residency programs [3]. The inability
to gain important experience may decrease medical
students’ confidence in their qualifications and make
choosing a specialty much more difficult. Medical stu-
dents who lack comfortable home environments may
struggle greatly, as students at other levels have [4].
Extensive use of online communication and learning
solutions may prove to be detrimental to student well-
being, causing increased isolation and conditions such
as Zoom fatigue and Burnout syndrome [5-7]. Addi-
tion of these factors may only serve to exacerbate metal
health problems already common amongst medical stu-
dents [8].

Lack of in-person learning was projected to have a
negative effect on medical education delivery at the
start of the pandemic [9], and mandatory social isola-
tion of medical students may negatively affect mental
health. Recently, surveys have been conducted to gather
opinions from medical students on the rapid shift of
medical curriculum to virtual platforms and how lim-
ited clinical exposure would impact clinical training and
future residency applications [10, 11]. While the most
recent studies have characterized the effects of the early
stages of the COVID-19 pandemic on medical students
and medical education, none have investigated more
recent developments, namely the remote clinical experi-
ences and interventions that permit alternative learning
experiences. Additionally, there has been little emphasis
on the comparison between the effects of the pandemic
on students from public and private institutions.

Our present study was designed to gauge the attitudes
of medical students after a few months of learning in a
COVID-era curriculum. To understand how changes to
medical education have affected a diverse pool of medi-
cal students, we surveyed students of all class levels from
two public and three private medical institutions on their
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medical education, clinical training, mental wellbeing,
and impact on and involvement in the community.

Methods

Study design

The current study is a web-based cross-sectional study
that utilized an online survey using Qualtrics. This study
collected response data from medical students from 5 dif-
ferent institutions in the U.S. between October 11, 2020
and December 3, 2020. We modelled our survey after the
survey used by Coffey et al. in their analysis of medical
students [12]. Public institutions surveyed included the
University of California San Diego School of Medicine
(UCSD) and University of Missouri-Kansas City School
of Medicine (UKMC). The private institutions surveyed
included the University of Southern California’s Keck
School of Medicine, Columbia University’s Roy and
Diana Vagelos College of Physicians and Surgeons, and
Stanford University’s School of Medicine. The survey was
designed by three investigators (JC, WTL, WMO) and
comprised a total of 26 questions/items, with the number
of questions presented to each participant varying based
on their responses to previous questions. No identifying
information was collected. Participants consented to the
use of their responses in this study via the first question
of the survey.

Measures and operationalization

The survey questions consisted of 1 of 3 formats (as
determined by Qualtrics): multiple choice, matrix table,
and slider. Multiple choice questions were used to collect
basic information about participants, including their uni-
versity, current year in medical school, types of courses
they had taken, and types of extracurriculars they were
involved in. These questions were placed at the beginning
of the survey and were used by Qualtrics to judge which
of the subsequent questions would be made available for
each individual participant. For example, questions about
lab experience during the pandemic would only be pre-
sented to a participant if they had indicated in an ear-
lier question that they indeed had lab experience during
the pandemic. In order to evaluate differences between
students at different levels of medical school, we sepa-
rated students into 4 groups: first year (MS1s), second
year (MS2s), third year (MS3s), and fourth year medi-
cal students (MS4s). Matrix table questions were used
to gauge the participants’ agreement with certain state-
ments. Agreement was rated on a scale including the fol-
lowing options (in order from least to most agreement):
Strongly disagree, Disagree, Somewhat disagree, Neither
agree nor disagree, Somewhat agree, Agree, and Strongly
agree. Agreement was operationalized using the number
of participants that selected each of these options and
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the total number of times the 3 “agree” statements ver-
sus the total number of times the 3 “disagree” statements
were selected. Slider questions were used allow partici-
pants to indicate the percentage of their courses held vir-
tually, and, if applicable, the number of other individuals
(attendings, interns/residents, medical students) they
worked with in a clinical setting.

Survey distribution

Participants were selected via convenience sampling.
The survey was distributed to these medical schools
using medical student points of contact (POCs) from
each of the 5 medical schools. For each school, approval
was granted from Offices of Student Affairs to carry out
the study after submitting a UCSD IRB waiver, descrip-
tion of the study, and a copy of the proposed survey.
POCs were then asked to distribute the survey link to
the medical students in their school via email and social
media. In order to control for multiple survey entries by
a single student, students were required to enter their
email address prior to completing the survey. However,
participants’ email addresses were not made available
by Qualtrics to the authors in order to keep survey data
deidentified. The survey remained open from October
11, 2020 to December 3, 2020. Response rate was deter-
mined using the total number of concurrently enrolled
students at each medical school since data on number of
survey recipients was unavailable. The number of con-
currently enrolled students at all 5 universities was deter-
mined by the Medical School Admission Requirements
(MSAR) portal offered by the AAMC. These numbers are
as follows: 624 UCSD students, 673 Columbia students,
528 Stanford students, 479 UMKC students, and 815
USC students.

Statistical analysis
All data was analyzed in either Microsoft Excel or RStu-
dio using base R functions and the tidyverse, dplyr, and

ggplot2 packages. Correlations between groups of medi-
cal students and their answers to specific questions were
analyzed using the Pearson Chi Square statistic or the
Fisher’s Exact Test (p<0.05). The Fisher’s Exact Test was
utilized when the number of responses for a specific cat-
egory was 5 or less.

Results

Descriptive statistics

300 responses (~10% response rate) were analyzed from
medical students of UC San Diego (22.7%), Stanford
(25%), University of Southern California (13%), Univer-
sity of Missouri in Kansas City (12%), Columbia Univer-
sity (26.7%) and others (0.6%). The class level distribution
of respondents was 28% MSl1s, 33% MS2s, 14.7% MS3s,
and 16.7% MS4s. 6.7% students included MD-PhD can-
didates, Master’s candidates, and gap year students all
doing research after their second and third years. Stu-
dents taking time off for research were combined with
their previous level for analysis (i.e., Research year after
MS3s were combined with MS3s).

Efficacy of lecture and small group-based interventions

The majority of lecture-based classes were held virtu-
ally. We asked students how this change affected how
they were able to receive and learn course curriculum.
Students were largely satisfied with the interventions
put in place by their institutions to replace lecture-based
learning. 77.2% agreed that course content was properly
delivered virtually, and over 60% of students were satis-
fied with their instructors’ and their institutions’ adapta-
tions to the new format (Fig. 1). However, these changes
seemingly cannot completely ease medical student
anxiety and replace in-person classes. 91.1% of students
reported often experiencing the phenomenon of Zoom
fatigue, with 48.6% responding with “Strongly agree” to
the prompt (Supplementary Table 1). The United States
Medical Licensing Examination (USMLE) is used to
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provide medical licensing authorities in the U.S. with evi-
dence of qualification for licensure for medical students
aspiring to become resident doctors. The USLME con-
sists of three steps, the first two of which are taken during
medical school. Step 1 assesses students’ understanding
and ability to apply scientific principles to medical prac-
tice and is usually taken by the end of the scholastic year
by MS2s. Step 2CK, or Step 2, assesses students’ ability to
apply medical knowledge in a clinical setting. It is usually
taken by MS3s after they have finished their core rota-
tions. Only 50% of respondents report that the course
material they are learning will prepare them for Step
1 and Step 2 (Fig. 1). 36.8% of students agreed that the
amount they are learning is the same amount of mate-
rial learned by students of previous years (Supplementary
Table 1). Together, this data suggests that, despite the
accessibility of information and faculty by medical stu-
dents, there are significant challenges presented by the
pandemic that make students feel less confident in the
material that they have learned.

Small-group learning classes, which revolve around
in-person group discussion, also shifted to remote for-
mats. Most students reported that 95% or more of their
small group classes, including Problem-Based Learning
(PBL) and, Principles of Medicine (POM), went virtual
as a result of the pandemic. Students were given separate
prompts asking them to evaluate whether or not virtual
versions of their small group classes were sufficient sub-
stitutions for their in-person versions. Out of the three
types of small group classes, virtual POM classes were
viewed most unfavorably, as 73.2% of respondents disa-
greed that virtual POM is a sufficient substitute for in-
person POM. Virtual PBL classes and other small group
classes were viewed more favorably, as 54.8% and 45.6%
of respondents thought virtual versions of those classes
were sufficient substitutions for in-person versions (Sup-
plementary Table 1).

Extracurricular community service and learning
opportunities

Due to restrictions imposed by the pandemic, medical
students may feel disconnected from traditional extra-
curricular activities involving professional development,
social engagement, or community service. We asked stu-
dents whether they had looked for other outlets in order
to address this disconnect. Aside from course material,
73.7% of students reported initiating or participating in
opportunities that provided other ways to learn. Many
students cited engaging in ‘technical support, ‘creating
support groups, and ‘creating study groups’ 33.6% of stu-
dents also responded that they were involved in teaching
other medical or Science, technology, engineering, and
mathematics (STEM) students at some point since the
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pandemic started. Of the students that engaged in such
activities, a large majority believed that these activities
allowed them to continue to make a difference (Fig. 2).
This may indicate the importance of such extracurricu-
lars to the well-being of medical students while other
avenues of service are hindered by the pandemic.

Virtualization and limitation of clinical rotations

The majority of students in clinical rotations either had
to perform them virtually or in a heavily abbreviated
manner (Supplementary Table 1). Among preclinical
students, only 30.7% agreed that the course content they
were learning was sufficient to prepare them for clinical
rotations, and 44% of clinical-level students agreed that
the skills they were learning would be enough to pre-
pare them for residency. 54.7% of clinical-level students
agreed that there was a decrease in the amount of clini-
cal training they were receiving. When asked about their
opinions on how clinical training might affect their abil-
ity to choose a specialty, only 37.4% agreed that the skills
and content learned while on clinical rotations would
help them discern their desired specialty (Fig. 3).

In terms of medical team composition while in the
clinic, most students cited working with 1 attending, 1
resident, 1 other medical student in their ward teams.
This is a decrease from the average number of colleagues
and supervisors that medical students are able to work
with during rotations with larger teams, such as those in
general surgery where students work with multiple medi-
cal students and residents.

Research projects

58.5% of students reported that the pandemic affected
their research projects negatively. 41.9% of respondents
also reported that, because of the pandemic, they had not
gained the skills they expected to while doing research,
and 61.9% stated that their research was slowed. There
were no significant differences in responses between stu-
dents pursuing part-time research and students pursuing
full-time research (gap year, PhD, MS).

Mental wellbeing and anxiety for the future

Students were asked about how the pandemic affected
their mental health as it related to depression, anxiety,
and sources of support. 88.4% of all prompted students
report the pandemic causing an increased sense of isola-
tion from peers. Many students also report the pandemic
being a factor in increased feelings of depression (67.5%)
and anxiety (73%). Students were not asked to clarify
whether this depression was clinically diagnosed or not.
When asked if, during the pandemic, they had ever been
afraid for their own health and wellbeing, 71% of students
indicated agreement. In addition, a number of students
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reported strong agreement with the pandemic influenc-
ing feelings of isolation, depression, and anxiety (37.7%,
16%, 20.8% respectively) (Fig. 4A). Students who reported
experiencing feelings of depression or anxiety as a result
of the pandemic were also less satisfied with their medi-
cal education than students who had not experienced
such feelings (Fig. 4B).

We administered a group of questions to gauge how
the pandemic has affected students’ thoughts and beliefs
about their futures in medicine. 81% of students believed
that the pandemic has lessened their control over their
growth as students and as future physicians. 70.9% of

students felt that their medical knowledge is behind
that of medical students that came before them (Fig. 5).
Interestingly, students who reported experiencing feel-
ings of depression or anxiety were more likely to be dis-
satisfied with their medical education in comparison to
students who had not experienced such feelings (Fig. 4B).
Although 52.9% of applicants thought that the pandemic
further inspired them to become physicians, an alarming
31.2% of students expressed second thoughts about pur-
suing a career in medicine (Fig. 5). Interestingly, MS4s
were seemingly the most confident in their abilities, edu-
cation, and future trajectories. This may be due to the
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Fig. 3 Efficacy of abbreviated clinical experience and its effects on feelings of preparedness

fact that MS4 students have already gained confidence
after at least 3 years of medical school, mostly were in
elective rotations, and have already decided on their field
of specialty based on their previous experience in core
rotations.

Differences between the public versus private university
experience

Differences in responses between students from the two
public and three private medical schools were analyzed
using the Kruskal Wallis test (p<0.05). Public school stu-
dents reported having fewer virtual small group learning
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classes and 70.6% of students who had taken virtual PBL
courses did not believe that they were a sufficient sub-
stitute for in-person classes (Fig. 6A). In general, private
school students reported being more satisfied with the
replacement of in-person clinical experience with tel-
emedical practice. In private schools, a lower percentage
of clinical rotations were held virtually compared to rota-
tions in public schools. More than public school students,
private school students reported that their experience
with telemedical rotations was a sufficient replacement
to in-person clinical rotations (Fig. 6B). Other than these
findings, there were no significant differences between
public school and private school student responses.
However, it is important to note that the sample size for
this analysis is very low (2 private schools vs 3 public
schools). Our data may therefore not be generalizable to
all institutions.

Discussion

Because the COVID-19 pandemic has so deeply affected
the US education system in general, students and faculty
must adjust in order to facilitate a transfer of knowledge
that would maximally approach what students would
experience pre-pandemic. This is especially true for
medical students, as the skills learned in medical school
form the foundation of much more complex skills to be
used by these future physicians. Prior to the pandemic,
the mental health epidemic that plagues medical students
was well-characterized [13]. The exacerbation of men-
tal health problems and roadblocks to attaining medical
knowledge may deeply affect the generation of future
physicians training through the pandemic.

Across the world, medical students have reported dis-
satisfaction with online medical school education. In the
U.S., a survey of 1,389 medical students revealed that
online education significantly decreased students’ overall

wellness [14]. Two separate studies from Jordan reported
that 26.8% and 25% of medical students, respectively,
were not satisfied with their online education [15, 16].
In a survey of an Indian medical school, over half of the
respondents prefer physical classes over online classes
[17]. In a study in Saudi Arabia, only 25% of students pre-
fer online only classes over integrated or in-person only
classes [18] . In our study, a similar dissatisfaction with
online medical education and negative mental health
impact were noted. Similar to the studies referenced
above, we found that 70% of students surveyed believed
that their quality of education declined (they do not learn
as much as students before them). Despite the numerous
studies done on the subject, our study is the first, to the
best of our knowledge, to document the potential causes
of student dissatisfaction, including mental health obsta-
cles, decline in quality of group discussions, etc.

We found that the transition to online lecture-based
classes has not severely affected students’ self-reported
learning. Students largely feel that virtual lecture-based
learning still allows for material to be effectively commu-
nicated and absorbed. Although students do experience
a significant amount of Zoom fatigue, the majority of
them believe that the material they learn is sufficient for
the USMLE. A significant number of students, however,
believed that the substitutions for small group learning
classes were insufficient. As these classes are important
for developing critical thinking skills and application of
lecture-based knowledge, the dissatisfaction with virtual
small group learning courses may contribute to medical
students’ overall apprehension regarding the adequacy of
amount of material that they are learning.

Although clinical rotations were not completely
halted, the majority operated virtually or under strict
restrictions. Most students reported working with
smaller teams compared to the size of clinical teams
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pre-pandemic. The utility of clinical rotations hinges on
interactions with patients and with various members
of the medical team. Given that both types of interac-
tions were significantly limited, it is not surprising that
a majority of students found their clinical experience to
be lacking. With students feeling less prepared to apply

to and enter residency programs, it may be important to
find ways in which remote or abbreviated clinical rota-
tions may be improved.

A great majority of students presumably enter medical
school to fulfill a desire to help others by being healers,
but this pandemic may have made some of these students
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feel less able to serve others. We found that students who
found other ways to benefits others in their community
believed their experience to be very rewarding, as they
were able to further develop their interpersonal and emo-
tional maturity outside of the clinic. Utilizing these types
of community service opportunities may help to address
problems that medical students have when unable to do
the things that drew them to a career in medicine.

The overall rate of feelings of depression and anxiety
during the COVID-19 pandemic were about two times
higher than the average prevalence of depression or
depressive symptoms in medical students, according to
previous meta-analysis [19]. This alarming increase may
be attributed to multiple causes. It has been reported that
medical students who feel anxious or depressed are likely
to have these feelings increase in severity and frequency
once they enter the workforce [20]. However, those that
develop coping mechanisms are much less likely to expe-
rience such symptoms. These coping mechanisms are
usually interaction with friends or family, leisure and
exercise, and positive outlooks [21]. The pandemic, by all
accounts, has negatively impacted these coping mecha-
nisms. Students who are not receiving the education
that they were expecting may also feel a degree of help-
lessness, a hypothesis supported by the majority of stu-
dents we found to feel less certain and in control of their
education and futures. Despite these conclusions, there
are several limitations to our study. During data collec-
tion, we were unable to obtain data on how many stu-
dents received our survey, as it was distributed through
social media. We therefore could not calculate the most
accurate response rate as we utilized the estimated total
class size of each medical school as a proxy for our lack-
ing data. In terms of representativeness, we attempted to
obtain responses from both public and private schools
and from multiple locations around the US. However, due
to more than half of survey responses coming from stu-
dents in universities at the US coasts and in larger metro-
politan cities, it may be difficult to generalize our findings
to students studying at medical schools located in other
areas of the US. As this study was not a prospective study,
there is potential for recall bias in survey responses. We
attempted to limit this bias by gaging overall feelings
towards the pandemic and medical education in our
questions and recognizing whether there was a correla-
tion of those feels to more positive or negative responses.
However, our data indicated that there was no such con-
sistent correlation across all attitude-related questions.
We therefore believe that the effect of recall bias in our
study was limited. Previous studies of depression in the
student population mainly focus on clinically diagnosed
depression, rather than just depressive symptoms. It is
most likely that the majority of medical students who
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reported depressive or anxious episodes in our study are
not clinically depressed. Regardless, it is still important to
monitor depressive symptoms, considering the common
trajectory that medical students take towards depression
as they enter the workforce. Finally, our survey also did
not explore the availability and use of COVID-related
mental services to medical students. Many institutions
such as UC San Diego and Stanford saw an increase in
mental health appointments overall. These increases
reflected a national rise in mental health disability [22].
Future surveys can investigate the effectiveness of men-
tal health services in dealing with mental health cases
among medical students, amidst increased pressure
related to school, research, and clinical training.

Conclusion

In all, our study indicates that the pandemic has sig-
nificantly impacted the lives of medical students. Many
students were able to develop some coping mechanisms
and did not waver from their path towards becoming
physicians. However, the alarming number of students
with second thoughts about their choice of profession,
depression, anxiety about the future, and perceived lack
of training indicate that medical students should be pro-
vided further resources to address these problems.
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